Integrated two-dimensional (2D) electronic circuits based on 2D layered semiconductors, including the transition-metal dichalcogenides (TMDCs) as well as other 2D semiconductors, such as atomically thin black phosphorus, InSe, and Te etc., keep the promise for advanced electronics and flexible devices with increased functionality, performance, and scaling in integrated circuits [1] [2] [3] [4] [5] [6] [7] . The electronic and optoelectronic devices performance is significantly affected by the characteristics of the electrical contacts that connect the semiconductor materials with external circuitry [8] [9] . As the pristine surface of a 2D material has no dangling bonds, it is difficult to form strong interface bonds with a metal, thereby increasing the contact resistance 8 . Moreover, direct metal electrodes deposition on the 2D semiconductor surface causes considerable defects, strain, disorder, and metal diffusion, resulting in a glassy layer dominated by inter-diffusion and strain 10 . Previous efforts, e.g. aligning the metal work function with the conduction/valence band edge of 2D layered semiconductors, showed unsatisfactory high-resistance contacts, due to Fermi level pinning 8 . The traditional method to reduce the contact resistance for silicon is to decrease the depletion region width by locally doping near the silicon-metal junction.
However, the 3D doping method used in silicon technology cannot be employed in 2D devices. Recently, contacting 2D semiconductors using coplanar 2D conductors has shown promise in reducing the problematic high resistance contacts. Reduced contact resistance were observed in metallic 1T MoS2/semiconducting 2H MoS2, metallic 1T′ MoTe2/semiconducting 2H MoTe2, and metallic VS2/semiconducting 2H MoS2 with seamless coplanar interfaces, which were fabricated using intercalation, laser heating induced phase transition, and heteroepitaxy growth, etc [11] [12] [13] [14] . However, many of these methods are not ideal for scaled production. Thus, spatially controlled integration of metallic and semiconducting 2D materials in a large scale is of significant importance for practical applications. Previous studies revealed that MoTe2 is particularly interesting for phase-engineering applications, because the free energy difference between semiconducting 2H MoTe2 and metallic 1T′ MoTe2 is much smaller (~35 meV per MoTe2 formula unit) compared with those of other TMDC materials [18] [19] [20] [21] . This small energy difference leads to the possibility of phase controlled synthesis in a large scale. . We also developed a patterned growth method of 1T′ MoTe2 and realized the 1T′ MoTe2 gated heterophase FET array whose components of channel, gate and contacts are all 2D materials. Each FET has an independent patterned 1T′ MoTe2 gate electrode, which is required for logic circuitry. Few-layer 2H MoTe2, with a band gap of ~1 eV, is a candidate material for near-infrared (NIR) photodetecting [15] [16] [17] . We transfer the heterophase device onto a flexible substrate, and demonstrate the NIR photoresponse with enhanced photoresponsivity (~1.02 A/W) due to the reduced contact resistance. Our study promises the potential large-scale applications of 2D coplanar heterophase structure in advanced electronic and optoelectronic devices.
Results

Patterned chemical assembly of the heterophase MoTe 2 in a large sclae
In order to chemically assemble large-scale coplanar 2H-1T′ heterophase MoTe2, high-quality few-layer 2H MoTe2 film was first synthesized on a p + -Si/SiO2 substrate via the chemical vapor deposition (CVD) method (Fig. 1a) . Our previous work has found the synthesis of 2H MoTe2 film was driven by the solid-to-solid 1T′ to 2H MoTe2 phase transformation 22 , which can be well described by the time-temperature-transformation diagram. By controlling the kinetic rates of nucleation and crystal growth, we were able to synthesize large-scale continuous 1T′ (Fig. 1i) . The domain size (d) is calculated based on a circularly equivalent area ( 4 / ), where s is the statistically averaged domain area. Then, large-scale 2H MoTe2/Mo striped period was fabricated by photolithography, reactive ion etching (RIE), and magnetron sputtering Mo, followed by a lift-off process ( Fig. 1b and 1f) .
Subsequently, the sample was sent back into the furnace at lower temperature (530 °C)
for 30 min. After the second CVD growth, the Mo film was tellurized to 1T′ MoTe2 while the 2H MoTe2 remains unaffected (see Supplementary Section Ic). Therefore, the 2H/1T′ MoTe2 striped patterns were obtained (Fig. 1c,g ). This is confirmed by the appearance of the well-resolved Ag Raman modes (107 cm 
Characterizations of the interface of the coplanar 2H-1T′ heterophase MoTe 2
The interface between 2H MoTe2 and 1T′ MoTe2 were characterized using atomic force microscopy (AFM) and high-resolution transmission electron microscopy 
Electrical properties of the coplanar heterophase MoTe 2 FETs
The seamless contact allows us to inject current into semiconducting 2H-MoTe2 from metallic 1T′-MoTe2 electrodes with reduced contact resistance (Rc). Besides, the large-scale chemical assembly of coplanar semiconducting and metallic MoTe2 structure developed in this work is of great significance for practical applications.
The large-scale coplanar heterophase MoTe2 FETs array with different channel length were fabricated (Fig. 3a) . , comparable to the reported values for exfoliated 2H MoTe2 single crystals [12] [13] ) was independent of the channel length (Fig. 3e) . This was not surprising, because in our experiment, the average single-crystalline domain size of the 2H MoTe2 (~486 µm) was much larger than the largest channel length (60 µm) being measured.
To determine the contact resistance, Rc, between the 1T′ MoTe2 and 2H MoTe2, we used the transfer length method (TLM) 9 , in which the channel length dependent Rc (metal-1T′-2H MoTe2) shows strong dependence on the back gate. In contrast, due to the metallic nature of 1T′ MoTe2, the Rc of metal-1T′ MoTe2 is ~0.6 kΩ μm, independent of the back gate (Fig. 3f) . The minimum total Rc is measured to be ~1.7 kΩ μm at a higher turn-on gate voltage (Fig. 3f) . The corresponding Rc for the 1T′-2H
MoTe2 is ~1.1 kΩ μm, which is about two orders of magnitude smaller than those of metal-contacted 2H-MoTe2 (reported value of 409 kΩ µm) 13 . Figure 
1T′ MoTe 2 gated heterophase transistor and NIR flexible photodetector
In order to realize 2D circuitry, it is required to control each transistor independently.
Herein, we chemically assembled the coplanar 1T′-2H-1T′ MoTe2 array on top of the pre-patterned 1T′ MoTe2 gate electrodes (Fig. 4a) . The 1T′ MoTe2 patterns were synthesized via the developed patterned growth method (see Supplementary Section Ia). A layer of 30 nm Al2O3 formed by atomic layer deposition (ALD) was used as the gate dielectric. The detailed fabrication process is provided in the Method and Supplementary Section IVd. For a typical 1T′ MoTe2 gated heterophase transistor (inset of Fig. 4b ), the I-V curves measured at various gate voltages show linear behavior (Fig. 4b) , indicating the ohmic contact between the coplanar 1T′-2H MoTe2.
The transfer curve exhibits a clear p-type channel characteristic (Fig. 4c) . Herein, the on-current of the transistor is about one order of magnitude lower compared with the device depicted in Fig. 3a . The reduction of the on-current may result from the n-type doping effect induced by the ALD Al2O3 (see Supplementary Section IVe) 26 . It is reasonable to envision that the device performance can be further improved by replacing Al2O3 layer with hBN [27] [28] .
With a bandgap of ~1.0 eV, few-layer 2H MoTe2 keeps the promise for the near-infrared (NIR) photodetection 17 . The chemically assembled coplanar 1T′-2H-1T′
MoTe2 heterophases with reduced contact resistances might result in improved photodetection performance in a large scale. Herein, we transferred the large-scale 1T′-2H-1T′ MoTe2 array to a flexible polyimide (PI) substrate (Fig. 4d , see Method for details). The heterostructure maintains its integrity in large scale after the transfer (Fig. 4e) . We investigated the photoresponse behavior of the heterophase under 1064 nm laser illumination with various incident light powers. The photocurrent increases with the incident light power (Fig. 4f) . It is worth noting that when the incident 1064 nm laser power is 50 nW, the photoresponsivity (R = I/P, where I is the difference between the photocurrent and the dark current, and P is the incident light power 
Methods
Synthesis of the 2H and 1T′ MoTe 2 films
The MoTe2 films were synthesized by tellurizing the Mo films at atmospheric pressure using a horizontal tube furnace equipped with mass flow controllers and vacuum pump. Mo films were deposited on Si/SiO2 substrates using magnetron sputtering. The substrates and Te powders were placed on an alumina boat, which was later inserted into a one-inch diameter quartz tube inside the furnace. After evacuating the quartz tube to less than 10 mTorr, high purity Ar gas started to flow at a rate of 500 standard cubic centimeter per minute (sccm) until atmospheric pressure was reached. After that, Ar and H2 flowed at rates of 4 and 5 sccm, respectively. The furnace was ramped to 650°C for 2h and 530 °C for 30 min to synthesize 2H and 1T′
MoTe2 films, respectively. After growth, the furnace was cooled down to room temperature naturally. For the patterned growth of MoTe2, Mo film was pre-patterned by either photolithography or EBL followed by magnetron sputtering and lift-off process.
Transfer of the 1T′-2H-1T′ heterophase MoTe 2 array
The heterophase MoTe2 array on the Si/SiO2 substrate was spin-coated with a poly methyl methacrylate (PMMA) layer under 3000 rpm for 60 s. After being baked at 100 °C for 2 min, the sample was immersed in a dilute HF solution (1.5 %) at room temperature for 10 min. Subsequently, the heterophase MoTe2 array with PMMA was gently peeled off from Si/SiO2 substrate in deionized water and transferred onto a mesh copper grid with carbon film on top for TEM characterization or a PI substrate for flexible device investigation. Finally, the PMMA was removed using acetone, and the sample was thoroughly rinsed with isopropyl alcohol (IPA).
Fabrication of the 1T′ MoTe 2 gated heterophase transistors
Firstly, the bottom 1T′ MoTe2 gate electrodes were grown by the patterned growth wrote the manuscript. All authors contributed to discussions.
